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Jaguars, livestock, and people in 
Brazil: realities and perceptions 
behind the conflict 
Sandra M. C. Cavalcanti, * Silvio Marchini, * Alexandra Zirnmermann, 
Eric M. Gese, and David W. Macdonald 
Jaguar on a riverbank, Paraguay river, Pantanal, Brazil. 0 Edson Grandisoli. 
The jaguar (Panthem onca) is the largest predator in 
the Neotropics and is arguably the most charismatic 
species for .conservation in Central and South 
America. Regrettably, the jaguar is also the carnivore 
that is least compatible with humans in twenty-first- 
century Brazil. This fundamental incompatibility is 
due to the jaguar's need for abundant, large prey, as 
well as extensive, undisturbed habitat. Humans (also 
large, top predators) have competed directly with 
jaguars for food (i.e. native and domestic ungulates) 
for as long as they have coexisted (Jorgenson and 
Redford 1993), and lately threaten them directly 
and indirectly through deforestation and habitat 
fragmentation. Moreover, jaguar predation on live- 
stock (particularly cattle) (Fig. 17.1) provokes retalia- 
tory persecution by humans (Hoogesteijn and % 
Mondolfi 1992). 
Persecution looms as the cozip de grace to jaguar 
populations outside protected areas (Nowell and 
Jackson 1996) and, due to their wide-ranging move- 
ments, threatens jaguars within protected areas as 
well (Woodroffe and Ginsberg 1998). Although dis- 
entangling the contributions of persecution and 
habitat loss may be difficult, jaguar distribution 
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Figure 17.1 Ajaguar stands over a 
young calf that it has killed on a ranch 
in the southern Pantanal. 0 
Pantanal Jaguar Project archive. 
(Fig. 17.2) and abundance have declined drastically 
in recent decades (Hoogesteijn and MondoE 1992). 
Our case study focuses on Brazil, where the jaguar is a 
threatened species (Machado et al. 2005)) although 
internationally it is classed as near threatened (i.e. it 
may be threatened with extinction in the near fu- 
ture; IUCN 2007). 
Efforts to protect jaguars by curbing persecution by 
humans have been based on what might be termed a 
'bio-rational' understanding of the problem. Insofar 
as the root of the probIem is livestock-raiding then, 
so this rational goes, if we can find ways to effectively 
reduce jaguar predation on cattle (e.g. by the use of 
electric fences, aversive conditioning, and transloca- 
tion), then persecution by cattle ranchers should E l  Current 
subsequently decline (Cavalcanti 2003; Hoogesteijn 
2003). Preventative actions combined with mone- 5 Historical 
tary compensation to ameliorate the financial costs 
of lost livestock are aimed at alleviating the econom- 
ic burden on ranchers who coexist with jaguars, on 
the assumption this will reduce the motivation for 
ranchers to kill them. 
Although this bio-rational thinking may be plausi- 
ble to a trained conservationistl we hy- Figure 17.2 Current (black) and historical (dark grey) 
pothesized that human persecution of jaguars may jaguar distribution range, 
be less related to livestock depredation than previ- 
ously believed, and the economic justification for tion may not be the actual impact of jaguars on 
killing jaguars may be equally unclear. We argue human safety or livestock, but rather the cultural 
that the ultimate motivator of retaliatory persecu- and social perceptions of the potential threat that 
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jaguars pose when attacking humans and killing 
livestock. In conflicts between people and carni- 
vores, the perceived impacts often exceed the actual 
evidence (Conover 2001; Chavez and Gese 2005, 
2006; Chavez et al. 2005; Sillero-Zubiri et al. 2007). 
In addition, factors not directly related to the im- 
pacts that jaguars have on human livelihoods (e.g. 
perceived social status of jaguar hunters in the com- 
munity and thrill of the chase) may also be involved 
in the persecution of jaguars, making evaluations for 
the economic rationale for killing jaguars even more 
unclear. Such imprecise linkages between reality and 
perception could prove perilous to a threatened spe- 
cies, adding a potentially lethal element to already 
s i e c a n t  risks posed by retributive killing, and ren- 
dering irrelevant many biologically based conserva- 
tion actions and mitigation measures. 
To explore this 'perception blight', this chapter 
addresses the realities and perceptions behind 
the conflicts involving jaguars, livestock, and caffle 
ranchers in Brazil. We use the Pantanal region to 
quantify the importance of cattle in jaguar ecology, 
and techniques adapted from the social sciences to 
examine the ranchers' perceptions about jaguar 
depredation on cattle and other perceptions about 
jaguars and jaguar hunting that may be relevant 
in dealing with conflicts between ranchers and 
jaguars. We then investigate how these social and 
cultural perceptions may translate into the perse- 
cution of jaguars. Finally, we discuss how infor- 
mation on the ecological, economic, social, and 
cultural dimensions of a human-carnivore conflict 
can be fruitfully integrated into a strategy that en- 
compasses both individuals and populations (of 
both jaguars and humans) in an attempt to pro- 
mote coexistence between jaguars, livestock, and 
people. 
Jaguars, Ilivestock, and people 
mann and Wilson, in preparation), studies indicate 
that very few of these areas offer true protection f~om 
human influences for both jaguars and their prey. 
Indeed, the edges of protected areas often become 
hot spots for human-wildlife conflict (Woodroffe 
and Ginsberg 1998; Loveridge et al., Chapter 11, this 
volume). The human geography outside these pro- 
tected areas is varied so jaguars may coexist with 
people holding a range of different perceptions and 
levels of tolerance for wildlife. Outside protected 
areas, the most common land-use form is livestock 
ranches, followed by logging areas, forest matrix 
lands, agricultural areas, and other forms of land use 
(Zeller 2007). On a continental scale, jaguars occur 
mostly in areas with a low Human Footprint Index 
(HFI; 95% of jaguar range is in areas of <35 HFI), and 
low caffle densities (96% in areas with 57.5 cattle1 
km2; Zimmermann and Wilson, in preparation). Nev- 
ertheless, hunting of prey used by jaguars and direct 
human persecution of jaguars (most often in retalia- 
tion for livestock depredation) are, according to 130 
jaguar experts, the most serious threats to the survival 
of the jaguar (Zeller 2007). 
Conflicts between humans and jaguars occur in 
many different socio-economic and cultural contexts 
and vary in their severity, but appear to be most 
extensive in regions with large cattle ranches, 
where human densities are low, cattle densities are 
moderate, and small areas of wilderness containing 
natural prey still persist. There are several such vast 
rangelands in South America, most notably the Pan- 
tanal, Llanos, Beni, and Chaco regions of Argentina, 
Brazil, Bolivia, Colombia, Paraguay, and Venezuela. 
The best studied of the above regions of Brazil, the 
Pantanal, is the focus of our chapter. 
Conflicts between ranchers and jaguars over live- 
stock are widespread and have been documented 
throughout jaguar range (e.g. Belize: Rabinowitz 
1986; Brazil; Crawshaw and Quigley 1991; Dalponte 
2002; Conforti and Azevedo 2003; Michalski et al. 
2006a; Azevedo and Murray 200%; and Palmeira 
The jaguar occurs from the south-westem United et al. 2008; Costa Rica: Saenz and Carrillo 2002; 
States to northem Argentina, across an area of 11.6 Argentina: Schia£Iino et al. 2002; Venezuela: Scogna- 
million k d  and occupies a diverse array of habitats, miUo etal. 2002; and Polisar etal. 2003). Nevertheless, 
including xeric shrublands, dry forests, montane several ecological, socio-economic, cultural, and his- 
grasslands, moist lowland forest, wet savannahs, torical aspects of the relationships between people and 
and mangroves (Zeller 2007). Even though 36% of jaguars have made Brazil particularly important for 
jaguar distribution overlaps protected areas (Zimmer- jaguar research and conservation. 
Brazil covers 40% of the land area of Latin America. 
Even though estimates of jaguar abundance are as 
scarce for Brazil (Almeida 1986; Quigley and Craw- 
shaw 1992; Soisalo and Cavalcanti 2006) as for other 
parts of their range (6. Wallace etal. 2003; Maffei etal. 
2004a; and Silver et al. 2004), Brazil does contain the 
two largest population strongholds for jaguars (San- 
derson e t  al. 2002b): the wetlands of the Pantanal 
(140,000 km2) and the rainforests of Amazonia 
(3,400,000 km"). The southern Pantanal of Brazil has 
the highest density of jaguars recorded (estimates 
range from 6.7 to 11.7 individuals/100 km2; Soisalo 
and Cavalcanti 2006). The Pantanal is also home to 
the largest jaguars, with the weight of males averaging 
100 kg (females are typically 10-20% smaller than 
males) and the largest males reaching 158 kg (Seymour 
1989). Jaguars were widely distributed throughout 
Brazil until 1500, but have since been extirpated 
from entire regions (Sanderson e t  al. 2002b; Fig. 
17.2). Some jaguars still remain in fragments of the 
Atlantic forest and the Cerrado, but large jaguar popu- 
lations are present only in Amazonia and the Panta- 
nal, where human population density has historically 
been low. 
Brazil is also home to the world's largest commer- 
cial cattle herd (>200 million head) and is the world 
leader in beef exports (Nepstad et al. 2006). Due to 
ecological and historical reasons, there is overlap 
between areas where beef production flourishes and 
jaguars survive, namely, the Pantanal and the agri- 
cultural frontier of southern Amazonia (Thornton 
e t  al. 2002). Cattle ranchers have a long tradition of 
killing jaguars (Hoogesteijn and Mondolii 1992) in 
retaliation for livestock losses. 
Cattle ranching also threatens jaguars indirectly, 
insofar as it is the major driver for the high and rapid 
level of deforestation in Amazonia, being the pri- 
mary reason for >66% of habitat loss in the region 
(Nepstad et al. 2006). Between 1987 and 2006, an 
average of 18,000 kmz of prime jaguar habitat was 
lost in this region every year, mostly from the Ama- 
zonian agricultural frontier (PRODES 2007). In the 
past two decades, Brazil has lost larger areas of jaguar 
habitat than any other country. 
In 1967, the Brazilian Wildlife Protection Act 
prohibited commercial exploitation of wildlife and 
wildlife products derived from their capture, pursuit, 
or destruction. The Convention on International 
Trade in Endangered Species (CITES) of 1973 made it 
illegal to trade jaguar skins or parts for commercial 
gain. The CITES listing, in combination with the Bra- 
zilian legislation and anti-fur campaigns, brought 
about a sharp decline in the fur trade, helping to re- 
duce the pressure on jaguar populations in the wild. 
However, jaguar persecution continues (Crawshaw 
2002; Michalski et al. 2006a), now very rarely for the 
illegal trade, but more because of their perceived threat 
to people and their livelihoods. The indiscriminate 
killing of jaguars is one of the most serious threats to 
their survival across all of Latin America (Zeller 2007). 
Jaguars, livestock, and people have coexisted in 
Brazil for many decades across a wide range of ecol- 
ogical, cultu~al, and socio-economic settings. From 
small family-run farms in the dry Caatinga to com- 
mercial large-scale ranches in the wetlands of the 
Pantanal, from old traditional cattle ranches in the 
Atlantic rainforest to recent settlements on the Ama- 
zon agricultural frontier, Brazil is the perfect test tube 
in which to explore the interacting chemistry of 
jaguars, livestock, and people. 
The Pantanal is located in the geographic centre of 
South America and spans the borders of Brazil, Boli- 
via, and Paraguay pig. 17.3). With a highly seasonal 
climate, the Pantanal receives an average of >1.2 m 
of rainfall annually, which causes vast amounts of 
areas to be flooded and a subsequent flush of green 
grasses to be available for both native and domestic 
ungulates. The Pantanal is characterized by savan- 
nahs interspersed with isolated islands of secondary 
forest, which are an important refuge for both pre- 
dators and prey. Gallery forests border temporary 
and permanent rivers and provide long corridors for 
wildlife movement. 
Almost a third of published scientific articles on 
jaguar biology and conservation concern Brazil. 
While these topics have been addressed in the Brazi- 
lian Amazon (Oliveira 2002b; Michalski et al. 2006a), 
Cenado (Silveira and Jacomo 2002; Palrneira et al. 
2008), and Atlantic Rainforest (Garla et al. 2001; Leite 
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4 Brazil 
Figure 17.3 (a) Map of Brazil showing major biomes, the Amazon study site (Alta Floresta), and the Pantanal (highlighted 
by the box); and (b) map of the Pantanal showing its subregions. This study was conducted in the three subregions of northern 
Pantanal, namely Ciceres, Pocon6, and BarSo de Melga~o, and a ranch in southern Pantanal ('Fazenda Sete'). 
e t  al. 2002; Conforti and Azevedo 2003; Crawshaw 
e t  al. 2004; Cullen et al. 2005), the Pantanal accounts 
for the greatest portion of publications about jaguars 
(e.g. Schaller and Vasconcelos 1978; Schaller 1979, 
1983; Schaller and Crawshaw 1980; Crawshaw and 
Quigley 1984, 1991; Crawshaw 1987, 2002; Quigley 
1987; Quigley and Crawshaw 1992, 2002; Dalponte 
2002; Zimmermann e t  al. 2005a; Soisalo and Caval- 
canti 2006; and Azevedo and Murray 2007a, b, and 
Cavalcanti and Gese 2009). 
In this landscape mosaic, cattle have been ranched 
for >ZOO years (Wilcox 1999). The Pantanal consists 
almost entirely of large cattle ranches (e.g. average 
ranch size 12,950 ha, SE = 22,444 ha; Zimmermann 
e t  al. 2005a). Cattle are raised extensively in the 
region, with an average cattle density of 16 head/ 
km2 (MourZo e t  al. 2002). People and jaguars, how- 
ever, have coexisted uneasily. Jaguars have long been 
blamed for killing cattle and, in  the past, ranch own- 
ers employed men solely to hunt jaguars. The extent 
of retaliation by ranchers was considerable. For ex- 
ample, in the early 1980s, 68 jaguars were killed 
over 8 years on one ranch alone (P. Crawshaw, as 
cited in IUCNISSC 1986). Whether as a result of 
governmental legislation or the economic crisis in 
cattle ranching caused by the severe flood of the 
1970s, the rate at which jaguars are killed appears 
to have declined and jaguar abundance in the Panta- 
nal appears to be increasing (Crawshaw 2002). None- 
theless, as ranchers own 95% of this vast region, the 
future of jaguars in the Pantanal is inextricably 
linked to the ranchers' perceptions and attitudes 
towards them. 
Assessing the realities and 
perceptions behind the conflict 
In this chapter, we will attempt to weave together 
findings from several studies conducted by the 
authors between 2000 and 2008 which explored 
human-jaguar contlict in the Pantanal and the Ama- 
zon from various perspectives: jaguar predation rates 
on a cattle ranch, perceptions and attitudes of ran- 
chers towards jaguars and livestock losses, and the 
various factors that may shape human beliefs and 
behaviour towards jaguars. 
To document the realities of jaguar predation on 
livestock and native prey, the Pantanal Jaguar Project 
quantified kill rates, composition of prey killed, char- 
acteristics of prey killed, and patterns of predation on 
a ranch in the southern Pantanal ('Fazenda Sete' in 
Fig. 17.3; Cavalcanti 2008). In addition, Global Posi- 
tioning System (GPS) telemetry provided informa- 
tion on jaguar movements (Cavalcanti and Gese 
2009) and facilitated analysis of habitat use and spa- 
tial patterns of predation (on both domestic and 
native species) in relation to the type and distribu- 
tion of vegetation and other landscape attributes 
(Cavalcanti et al., in preparation). Ten jaguars were 
equipped with GPS radio-collars (Televilt, Sweden), 
which recorded their locations at 2-h intervals, en- 
abling us to identify kill sites and thereby to find and 
document 438 carcasses of prey (including the iden- 
tity of the predator, the date and approximate time 
of death, the period for which the predator stayed by 
the carcass, and the vegetation cover at the kill site; 
Cavalcanti 2008; Cavalcanti et al., in preparation). 
Meanwhile, the Coexistence Project studied the 
factors determining people's perceptions of jaguars 
and how these perceptions translated into human 
persecution of jaguars. Interviews with ranchers were 
used to document the following: (1) socio-demo- 
graphic variables; (2) desaiption of the property; (3) 
respondents' knowledge about jaguars and depreda- 
tion problems; and perceptions of the jaguars' impact 
on (4) livestock; and (5) human safety; together with 
perceptions of (6) an increase in jaguar abundance; (7) 
degeneration of economic situation; (8) the social 
acceptabilityJdesirability of persecuting jaguars, in- 
cluding the importance of traditional jaguar hunting; 
(9) the ease or difEculty of this persecution; (10) atti- 
tudes towards both jaguars and persecution; and (11) 
intention to persecute jaguars. Answers in either a 
binary yes/no or in 3- or 5-point scale formats enabled 
us to consmct measurement scales (0 to 10 for knowl- 
edge and perceptions and -10 to 10 for attitude) and 
combine responses into an additive score for each 
variable (the higher the score the greater the knowl- 
edge or perception and more positive the attitude). In 
order to assess the degree to which the findings from 
the Pantanal can be extrapolated to other regions or 
whether attitudes are culturally speciiic t o  human- 
jaguar conflicts, we replicated this study on an agri- 
cultural frontier area in southern Amazonia (mu.nici- 
pality of Alta Floresta). L ie  the Pantanal, the Amazon 
site hosts relatively high densities of both jaguars and 
livestock, but as a recently established agricultural 
frontier it differs in many social and cultural aspects 
from the Pantanal. Unlike the Pantanal, habitat loss is 
a major threat to jaguars on the Amazon frontier. This 
study involved 45 ranchers in two sub-regions of the 
northern Pantanal (CBceres and Pocon6) and 106 ran- 
chers in Amazonia (Fig. 17.3; Marchini and Macdo- 
nald, in preparation-a). 
We also examined the attitudes and conserva- 
tion values of 50 ranchers from an earlier study in 
the three subregions of the northern Pantanal, 
namely, CBceres, PoconC, and Bario de Melgaqo 
(Fig. 17.3). In this study, we investigated the asso- 
ciations between attitudes and socio-economic 
variables such as rancher age, ranch size, cattle 
herd size and density, reported caffle losses, and 
level of involvement in tourism. Attitudes were 
explored using a series of suggested statements 
regarding jaguars and conservation, and responses 
were recorded on a five-point Likert scale so that 
they could be combined into an additive score, 
and the relationships between the combined 
score and potential explanatory variables could 
be analysed (Zimmermann et al. 2005a). 
Realities of jaguar foraging ecoBogy 
Radio-tracking (Cavalcanti 2008) revealed that na- 
tive species comprised 68.3% of the prey killed, 
with the remainder being cattle (3 1.7%). For individ- 
ual jaguars, the number of caffle killed varied widely 
among cats (Fig. 17.4). Individuals also differed in 
the species diversity of their diets; although collec- 
tively the 10 jaguars killed 24 prey species, some 
killed few prey species, while others killed many 
(Table 17.1). Jaguars killed predominantly ungulates, 
but they also killed and consumed other predators, 
such as maned wolves (Chrysocyon brachyurus), crab- 
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eating foxes (Cerdocyon thous), coati (Nnsua naswa), 
and raccoons (Procyon cancrivorous). 
Based on kills reported by ranch hands, Crawshaw 
and Quigley (2002) calculated that cattle comprised 
46% of jaguar kills in the southern Pantanal. In their 
data, small prey was probably under-represented as 
these may be killed and consumed in secluded sites 
(see also Schaller 1979). This bias might also affect 
our findings, which included a small proportion of 
the biomass killed and consumed (e.g. birds; caiman 
lizard, Dracaena pargrmgensis; coati; small anaconda 
Ezinectes notaeus; and armadillo, Euphractos sexcinctirs 
and Dasypus navenn'nctrrs). Homing in on radio-col- 
lared jaguars, Crawshaw and Quigley (2002) found 
17 prey items of which 29% were cattle and 41% 
were white-lipppd peccaries (Tayasszi pecari)-a close 
match to our overall finding of cattle accounting for 
31.7% of jaguar kills, but varying seasonally between 
19.2% and 48.9%) respectively, for the wettest and 
driest periods of the 4-year field study (Cavalcanti 
2008). 
Calves (4 year old, 4 7 4  kg) accounted for 69% of 
cattle killed by jaguars (Cavalcanti 2008)) which is 
higher than Crawshaw and Quigley (2002) reported 
(43%) in their study in the same area in the southern 
Pantanal; perhaps again due to bias in carcass detec- 
tion or annual variation. These findings from the 
Pantanal are broadly consistent with those reported 
elsewhere. In Venezuela, jaguars attacked young cat- 
tle (weaned calves and heifers 1-2 years of age) more 
often than they did adults (Hoogesteijn e t  al. 1993; 
Farrell 1999; Scognarnillo et al. 2002). In north-east 
Argentina, cattle between 1 and 3 years comprised 
the majority of jaguar kills (Perovic 2002). Younger 
calves of 3-9 months of age comprised the majority 
of jaguar kills in northern Goiis, central-western 
Brazil (Palmeira et al. 2008). Azevedo and Murray 
(2007a) found that in the southern Pantanal preda- 
tion risk was higher among calves up to 12 months 
of age. 
Although jaguars can kill mature bulls (Hooges- 
teijn et al. 1993), we documented no jaguar attacks 
on an adult bull, and only one instance of jaguars 
scavenging on a bull carcass. Contrary to the beliefs 
of ranchers, the GPS data indicated that jaguars scav- 
enged a proportion of their prey (we found six in- 
stances, involving three individuals, of feeding 
substantially from cattle that had died from other 
causes; see also Lopez-Gonzalez and P i a  2002). 
Therefore, scavenging complicates the interpretation 
of diet analyses based on undigested remains in jag- 
uar faeces. 
At 19 kill sites located by GPS-tracking, the re- 
mains of two different prey species were found (Ca- 
valcanti 2008). We deduced this might have occurred 
when a jaguar killed a species scavenging from the 
original kill, and in 79% of these occasions this was a 
plausible explanation (e.g. one of the carcasses was 
a potential scavenger, such as feral hog, Susscrofa; 
peccary; armadillo; raccoon; or caiman, Cayman cro- 
codylus yacare). This 'scavenger-trap' hypothesis 
seemed inappropriate for the remaining 21% of 
Figure 17.4 Distribution of 
*' +&@. +$' + , - .  +j$'-- native prey species and livestock 
-9 killed by collared jaguars, 
Collared individuals November 2001 to April 2004, 
southern Pantanal, Brazil. (From 
Cavalcanti 2008.) I  Native species [7 Livestock I 
Table 17.1 Distribution of prey species (n [percentage of kills]) detected a t  kill sites for 1 0  individual jaguars, November 2 0 0 1  to April 2004, southern Pantanal, 
Brazil. 
Prey 
Adult female Adult male 
# l  (n #2 (n #3 (n #4  (n #I (n #2 (n #3 (n #4 (n #5 (n Subadult male 
= 80) = 123) = 22) = 5) = 47) = 36) = 18) = 40) = 36) #6 (n = 27) 
Tapir, Tapirus terrestris 
Birdsa 
Calf Bos taurus 
Capybara Hydrochoerus 
hydrochaeris 
Marsh deer, Blastocerus 
dichotomus 
Maned wolf, Ch~ysocyon 
brachyurus 
Land turtle, Geochelone 
carbonaria 
Caiman, Cayman crocodylus 
yacare 
Crab-eating fox, Cerdocyon thous 
Raccoon, Procyon cancrivorus 
Feral hog, Sus scrofa 
Coati, Nasua nasua 
peccaryb 
Anaconda, Eunectes noctaeus 
Giant anteater, Myrmecophaga 
tridactyla 
Lesser anteater, Tamandua tetra- 
dactyla 
ArmadilloC 
Adult cattle, B. taurus 
Brocket deerd 
Caiman lizard, Bracaena 
paraguayensis 
a Includes an egret (Egretta alba), a jabiru stork (jabyru mycteria), and a boat-billed heron (Cochiearius cochlearius). 
Although collared peccaries (Tayassu tajacu) were present, the vast majority killed by jaguars were white-lipped peccaries (T. pecari). 
Includes two species of armadillos present in the study area, Euphractos sexcinctus (n = 4) and Dasypus novencinctus (n = 1). 
Includes both species, Mazama americana and Mazama ouazoubira. 
Source: From Cavalcanti (2008). 
Jaguars, 's,iveetock, and people in Brazil: realities and perceptions behind the conflict 391 
double kills, insofar as neither of the victims was a 
scavenger (e.g. calf; brocket deer, Mazama spp.; giant 
anteater, Myrmecophaga In'dactyla; and lesser anteater, 
Tamandzra tetra dactyls). 
Jaguars are often considered nocturnal predators. 
However, we found the time of day at which jaguars 
killed was evenly distributed throughout the 24-h pe- 
riod, even when examining individual prey species 
(Cavalcanti 2008). Jaguars appear to be adaptable to 
the movement and activity patterns of various prey 
species and readily exploit these species when they 
are active or vulnerable to predation. 
When examining the seasonality of predation pat- 
terns by jaguars, we found the average number of 
cattle, caiman, and peccaries (the three major prey 
species) killed by radio-collared jaguars each season 
indicated a peak of predation on cattle in the dry 
seasons of each year (Fig. 17.5; Cavalcanti 2008). 
The frequency of predation on caiman appeared to 
be constant throughout all months of 2002, while 
predation appeared to peak during the wet seasons 
(February-March) of 2003 and 2004. There may be 
an inverse relationship between predation on cattle 
and caiman; as water levels recede in the Pantanal, 
caiman move with these levels and predation de- 
clines; conversely, as water levels recede cattle are 
moved into these areas for grazing and predation 
on cattle increases. The fluctuation of water levels is 
the major driver in this ecosystem, dictating the 
availability and vulnerability of prey species, includ- 
ing cattle. The frequency of predation on peccaries 
also appeared to be constant throughout 2002, then 
increased in 2003 and 2004. Seasonally, the mean 
number of peccaries killed each month appeared to 
be lowest during the wet seasons (February-March; 
Fig. 17.5). However, despite an apparent tendency 
for the number of cattle killed each month to have 
declined over the 4-year study, statistically the actual 
seasonal predation rates on cattle did not decline 
between 2002 and 2004 (Fig. 17.6). Conversely, 
while the data suggest an increase in the number of 
caiman killed each month, the observed seasonal 
predation rates on caiman did not increase statisti- 
cally over the seasons. Predation rates on peccaries 
did increase significantly between the wet season of 
2001-02 and the dry season of 2004 (Fig. 17.6). The 
increase in jaguar predation rates on peccaries during 
the study occurred during a period of relatively high 
nov dec jan feb mar apr may jun jul aug sep oct nov dec jan feb mar apr may jun jul aug sep oct nov dec jan feb mar apr 
Figure 17.5 Distribution ofthe mean number of cattle, caiman, and peccaly killed per month by collared jaguars, November 
2001  to April 2004, southern Pantanal, Brazil. (From Cavalcanti 2008.) 
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Figure 27.6 Seasonal variation in jaguar predation rates of caiman, peccary, and domestic cattle, November 2001 to 
April 2004, southern Pantanal, Brazil. (From Cavalcanti 2008.) 
Peccary 
peccary densities (9.63 individuals/km2; Keurogh- 
lian 2003). This increased predation rate on peccaries 
during the study suggests that the availability of 
alternative prey could reduce jaguar predation rates 
on caffle and could serve as a buffer species. 
Because jaguarj are ambush predators, an obvious 
prediction would be that kills were associated with 
dense vegetation. Cavalcanti et al. (in preparation) 
found that while the 10 GPS-collared jaguars used 
forests and shrublands preferentially, kills were made 
in habitats in proportion to their availability. Cattle, 
caiman, and peccaries killed by jaguars (n = 327) 
were distributed in the various habitat classes accord- 
ing to their availability, except during the dry season, 
when caiman and peccaries were mainly killed in 
shrublands and forests, respectively. Male and female 
jaguars consistently selected shrublands during both 
wet and dry seasons. Although there was little evi- 
dence that particular species were killed in particular 
habitats, there was a tendency for caffle to be killed 
further than expected from water. 
Some authors have hpothesized that jaguar 
predation on cattle is a function of the distribu- 
tion, availability, or proximity to forest habitat or 
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estic livestock that entered forested areas, but not 
when cattle were in open pastures. Quigley (1987) 
reported cattle were killed only in gallery forests 
and forest patches, although some might have 
been dragged there from the forest edge. This 
differs from the findings of Cavalcanti e t  al. (in 
preparation) reported above, who found that dur- 
ing the wet season, cattle were killed by jaguars 
significantly closer to forest edges than in the dry 
season. During the wet season, cattle were able to 
forage in chest-deep water, but they needed dry 
ground on which to spend the night. Therefore, 
they might spend more time closer to forests, 
which are typically associated with higher and 
drier ground. Several authors have suggested 
keeping cattle herds away from forested areas as 
a strategy to minimize jaguar attacks (Rabinowitz 
1986; Hoogesteijn et al. 1993; Michalski et al. 
2006a; Palmeita et al. 2008), but at least in the 
Pantanal, we recorded jaguar attacks on cattle in 
other habitats as well (Cavalcanti et al., in prepa- 
ration). 
forest edges (Rabinowitz 1986; Hoogesteijn et al. 
~ ~ d i ~ i d ~ ~ i  varidicon in jaguar deb: 
1993; Michalski e t  al. 2006a; Palrneira e t  al. 2008). 
Hoogesteijn et al.'s comparison (1993) of three do 'problem animal& exist? 
ranches in Venezuela led to the conclusion that Since jaguars diKered individually in their diet (Ca- 
jaguars killed cattle closer to forested areas. Rabi- valcanti 2008), we examined whether some jaguars 
nowitz (1986) reported jaguars readily killed dom- contributed more than others to the levels of 
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domestic stock losses (cf. Linnell et al. 1999). There 
was no straightforward answer. While prey remains 
of individual jaguars indicated that cattle comprised 
>50% of the diet for some individual jaguars, for 
others it did not exceed 5%. Nevertheless, each of 
the 10 radio-collared jaguars killed cattle. Whether or 
not killing the predominant cattle-killers would ame- 
liorate the problem (e.g. as suggested by Rabinowitz 
1986 and Hoogesteijn and MondolG 1992) depends 
on the causes of this individual variation (i.e. causes 
may include availability and vulnerability of prey, 
preference for particular prey species, or cultural 
learning from their mother). However, we also 
found that for some individuals that had >50% of 
their kills comprised of cattle in 2002 (a dry year), 
these same jaguars exhibited anappreciable decline 
in caffle kills in 2003 (a wet year). Again, water levels, 
and the consequent movement of both caiman and 
cattle, likely played an important role in the avail- 
ability of these two key prey species within individu- 
al jaguar home ranges and therefore intluenced 
encounter rates (Cavalcanti 2008). 
Previous analyses of the variation in the level of 
livestock depredation suggest that males are more 
likely to kill caffle than are females (e.g. Rabinowitz 
1986, Stander 1990, and Chellam and Johnsingh 
1993). However, results from the 4 years of study 
found no differences between males and females in 
the level of predation on cattle (Table 17.1; Caval- 
canti 2008). It is conceivable that jaguars, especially 
females, may kill cattle in  excess of their needs, 
which might be considered a mechanism for teach- 
ing their young to hunt (A. Silva, V. Correia, A.T. 
Neto, and B. Fiori, personal communication). Surplus 
killing is almost universal amongst the Carnivora 
@uuk 1972), so it is unexpected that it has not 
been reported for jaguars. In general, the time interval 
between kills, and the time spent at each kill, was 
related to prey size (Cavalcanti 2008). After killing 
and consuming a small prey item, a jaguar generally 
killed again in a shorter time (3.0 days before making 
another kill) as compared to when they killed larger 
prey (5.1 days). Similarly, the length of time jaguars 
stayed at a carcass site significantly increased with 
increasing body mass of prey; 16.0 h were spent 
on small prey, increasing to 27.9 h on larger prey 
(Cavalcanti 2008). Some authors have speculated 
that livestock depredation is more prevalent among 
subadult than adult felids (Rabinowitz 1986; Stander 
1990; Saberwal e t  al. 1994)) whereas others conclude 
adults are more likely to kill cattle than younger 
individuals (Bowns 1985; Esterhuizen and Norton 
1985). In our study, stock killing occurred at a rather 
constant rate among individuals. On average, jaguars 
killed one calf every 13.3 f 15.5 (SD) days, while 
adult cows were killed at a lower rate of 25.5 f 18.4 
(SD) days between kills, although these rates varied 
annually (Cavalcanti 2008). The level of rainfall in 
any given year appeared to be the most influential 
factor affecting individual jaguar predation rates on 
cattle by determining the availability of cattle on the 
landscape (Cavalcanti 2008). During wet years, na- 
tive prey were also available to jaguars and caffle 
were less vulnerable to predation. Conversely, during 
dry years, caffle were more dispersed over the land- 
scape, exposed to more jaguar territories, thereby 
increasing encounter rates between individual 
jaguars and domestic prey. In addition, the poorer 
condition of cattle influenced their vulnerability to 
predation during the dry years. Husbandry practices 
are also likely to have a large influence on jaguar 
predation. In the Pantanal, calves were generally 
born over several months, prolonging the time peri- 
od over which vulnerability to jaguar predation was 
increased. In addition, pregnancy rates of cows are 
generally well below optimal, often between 60% 
and 75%. Native ungulates usually swamp predators 
by having a short birth pulse, thereby decreasing the 
length of time that young are exposed or vulnerable 
to predation. Shortening the b i i  pulse and increas- 
ing the number of pregnant cows within a cattle 
operation could, in theory, reduce overall predation 
losses withii individual jaguar territories, where 
calving grounds are located by swgping  an individ- 
ual cat with far more prey than can be killed; assum- 
ing that satiation of the predator causes an 
asymptote in the kill rate. 
A common hypothesis in terms of large cat preda- 
tion on livestock is that it is prevalent among wound- 
ed or sick predators, and this idea has been mooted for 
jaguars (Rabiiowitz 1986; Fox and Chundawat 1988; 
Hoogesteijn et al. 1993). Indeed, two studies in Vene- 
zuela both revealed that the majority of the jaguars 
(75% and 53%) killed as part of predation control had 
previously sustained severe wounds, precluding them 
from hunting normally (Hoogesteijn et al. 1993), 
although the condition of jaguars not killed could not 
be conlirmed. In our study, all radio-collared jaguars 
were in excellent physical condition at the time of 
capture (Cavalcanti 2008)) as were those documented 
by Schaller and Crawshaw (1980) and Hopkins (1989). 
The oldest individual radio-tracked (a male estimated 
to be >11 years old) had two missing canines (a broken 
lower canine on his k s t  capture and a further broken 
upper canine on his second capture) and killed white- 
lipped peccaries, feral hogs, and marsh deer at a similar 
rate (7.1 * 5.6 [SD] days between kills) as all the other 
radio-tracked jaguars (no signiiicant difference bet- 
ween the jaguar kill rates; Cavalcanti 2008). 
Perceptions about depredation and 
persecution 
Depredation problems caused by jaguars have been 
reported by 82% of the landowners in the northern 
Pantanal (Zimmermann et al. 2005a; Marchini and 
Macdonald, in A preparation-a). Not surprisingly, 
jaguars were considered the most detrimental species 
to human livelihoods by 73% of 110 ranchers and 
ranch hands interviewed in both the southern and 
northern Pantanal (Marchini 2003). Reported losses 
to jaguars ranged from 0% to 11% of their livestock 
holdings, with greater proportional losses among 
smaller ranches and smaller herds (r = -0.590 and 
-0.716, both P < 0.001; Zimmermann et al. 2005a) 
with losses averaging between 2.1% (Marchini and 
Macdonald, in preparation-a) and 2.3% (Zimmer- 
mann etal. 2005a) of their livestock holdings. In abso- 
lute terms, the greatest reported loss was 80 calves in 1 
year from a herd of 2000 head on a 13,200 ha ranch. 
Given the average price of a calf in the region (approx- 
imately US$228 in 2008), this case translated into a 
monetary loss of US$18,240 (Marchini and Macdo- 
nald in preparation-a). Over one-third of the respon- 
dents (38%) ranked jaguars as a greater problem 
affecting their income from cattle than floods, 
droughts, rustling, and disease (Zimmermann et al. 
2005a). 
Most ranchers (62%) reported that jaguar attacks 
show no seasonal pattern (Zimmermann et al. 
2005a). As for variation between years, 24% of the 
respondents believed the frequency of attacks within 
their ranches was increasing, 35% believed it was 
declining, and 41% stated it was not changing 
(Marchini and Macdonald, in preparation-a). Most 
ranchers (72%) believed that jaguars varied in their 
dietary preferences and thus believed that 'problem 
jaguars' were the ones killing cattle (Marchini and 
Macdonald, in preparation-a). 
These findings suggest that perceptions of jaguar 
depredation might sometimes exceed reality, as ecol- 
ogical studies addressing jaguar depredation in the 
Pantanal and elsewhere revealed lower losses of live- 
stock holdings (0.83% in two ranches of northern 
Pantanal, 0.3% in one ranch of southern Pantanal, 
and 1.26% in southern Amazonia; Dalponte 2002; 
Azevedo and Murray 2007b; Michalski et al. 2006a, 
respectively). However, when predation rates were 
estimated from GPScollared jaguars (Cavalcanti 
2008)) the ranch foreman reported the ranch lost on 
average 70 head of livestock out of 6000 head annual- 
ly to jaguar predation (1.2% of livestock holdings). 
During a dry year (2002), a jaguar killed an average 
of 2.1 calveslmonth and 0.6 adult cows/month, for a 
total of 2.7 head of cattlelmonth. Extrapolating this 
kill rate to hal£ (not all jaguars had equal access to 
caffle), the estimated resident (80%) population of 
jaguars on the ranch (6.7 jaguars/100 km2; Soisalo 
and Cavalcanti 2006) would generate an estimated 
loss of about 390 head of livestock. Conversely, dur- 
ing wet years (2003)) jaguars killed an average of 0.5 
calves/month and 0.3 adult cowslmonth, for a total 
kill rate of 0.8 head of cattle/month. Again extrapolat- 
ing to half, the resident jaguar population on the 
ranch generated an estimated 118 head of livestock 
lost. During a wet year (2003), the perceived losses (70 
head; 1.2% of caffle) and the estimated losses from 
jaguar predation rates (118 head; 1.9% of cattle) were 
similar. Convmely, during a dry year (2002), preda- 
tion rates indicated that over five times more cattle 
were lost (390 head; 6.5% of cattle) to jaguar preda- 
tion than the ranch foreman perceived (70 head). 
Therefore, the level of rainfall influences the number 
of cattle lost annually by determining the access cattle 
have to the landscape and the number of jaguars to 
which they are exposed, in addition to increasing 
their vulnerability due to poor body condition. In 
addition, we generally found that cattle killed by the 
radio-collared jaguars were found by the ranch hands 
only rarely and unreported losses are Likely higher 
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than previously believed. Ranch hands easily found 
cattle kills in open fields and pastures, while missing 
most kills in the dense cover of shrublands and forests. 
We emphasize that these extrapolations of predation 
rates are from only one study and may not be represen- 
tative of all ranches in the Pantanal. However, it does 
raise the issue that accurate and unbiased documenta- 
tion of jaguar kill rates onlivestock and native prey are 
needed, to lend credibility to claims on both sides of 
the argument regarding losses sustained by livestock 
operations. In a study examining wolf (Canis lup6) 
predation on livestock in central Idaho, USA, research- 
ers reported that ranchers found only one in eight 
of the actual kills documented (Oakleaf et  a?. 2003). 
During the years of wolf reintroduction into the 
United States, government personnel consistently 
agreed that a rapid response time and accurate docu- 
mentation of actual losses were critical to any compen- 
sation programme proposed for ranchers, and lack 
of data can often lead to heated debate about the 
actual level of losses sustained by a ranching operation. 
Some ranchers were very diligent in keeping track 
of losses, while others were less accurate and blamed 
predators for more losses than actually occurred. 
In addition to the perceptions about the level of 
jaguar depredation on livestock, other beliefs and 
perceptions about jaguars and jaguar hunting may 
be relevant in dealing with conflicts between ran- 
chers and jaguars. Many ranchers (30%) held the 
perception that jaguar abundance was currently in- 
creasing (4% perceived it as decreasing; Marchini 
2003). In the Pantanal subregion of C6ceres, 80% 
believed jaguar abundance was increasing and there 
was a widespread perception that jaguar numbers 
were now abnormally, and unbearably, high (March- 
ini and Macdonald, in preparation-a). 
A few ranchers (15%) in the subregion of PoconEt 
believed that jaguars caused cattle mortality even 
without preying on them (Marchini and Macdonald, 
in preparation-a). The rationale was that jaguars 
scared cattle out of the 'capdes' (dry forest patches 
where cattle find refuge during floods), from which 
the cattle then ran to flooded areas, where they 
drowned or got stuck in the mud and starved to 
death. This belief in 'indirect predator-induced mor- 
tality' of livestock needs further investigation. 
Some people perceived jaguars as a threat to 
human safety. Many respondents (53%) believed 
that jaguars attacked people even when not pro- 
voked (Mahimi and Macdonald, in preparation-a). 
A rural school in Ckeres closed its doors in 2008 
because the pupils refused to attend classes after sev- 
eral sighting of jaguars in the vicinity. This episode 
occu~red prior to an incident on 24 June 2008 when 
a young fisherman was killed by a jaguar while sleep- 
ing in his tent on a riverbank of the Paraguay River, 
in the subregion of Cgceres. This was the first official- 
ly documented, unprovoked, fatal attack of a jaguar 
on a human in Brazil, and was widely covered by the 
national media. Prior to this incident, attacks were 
almost invariably associated with hunting situations 
in which the jaguar was cornered or injured. Jaguars 
are also known to attack in order to defend their cubs 
or the carcass upon which they are feeding. The 
impact of the above event on people's perceptions 
of the risk that jaguars pose to human safety is cur- 
rently being assessed. 
Many ranchers unashamedly admit that kiUing 
jaguars is socially acceptable. Only 15% of the res- 
pondents believed their neighbours or family would 
disapprove of them killing jaguars (Marchini and 
Macdonald, in preparation-a). For many, killing 
jaguars is considered one of the traditions of the 
Pantaneiro culture. Additionally, there is the general 
view that all aspects of the Pantaneiro culture should 
be cherished and preserved. Indeed, a prevailing 
opinion is that hunting jaguars is an act of bravery 
and a test of dexterity among cowboys. Shooting a 
jaguar enhances a cowboy's reputation. Even when 
ranch owners have specifically banned jaguar hunt- 
ing, some ranch hands may continue to kill jaguars 
(S. Cavalcanti, personal observation). 
The extent to which a rancher perceives the diffi- 
culty of killing a problem jaguar may affect the like- 
lihood oiactually pursuing this option. The general 
approach is to use dogs to lind and pursue the jaguar. 
Either the jaguar climbs a tree or turns at bay on the 
ground, whereupon the hunters arrive and kill'it. In 
the Pantanal, hiring a professional hunter who owns 
a pack of trained dogs can be relatively easy and 
affordable (sometimes a cow is offered in exchange 
for the service), but in other regions, the difficulty 
and cost of hiring a hunter may discourage small 
ranchers from killing jaguars. Several small land- 
owners on the Amazon agricultural frontier, for in- 
stance, told us they had never killed a jaguar but 
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Figure 17.7 Graphs showing the measurement scales, distribution of average score values, and differences between 
Amazon and Pantanal. The box indicates the median, 25% and 75% quartiles, and whiskers are the largestvalues that are not 
outliers, while circles mark outliers. 
would have killed the cat if they had had the capacity 
to do so (Marchini and Macdonald, in preparation-a). 
Surprisingly, jaguars also elicit positive feelings 
among ranchers. All our respondents considered the 
jaguar a 'beautiful' or 'very beautiful' animal (March- 
ini and Macdonald, in preparation-a), and 16% 
would choose the species to be the symbol of the 
Pantanal (only the jabiru stork, Jam mycteno the 
offiaal symbol of the region, ranks higher; Marchini 
2003). Although we met ranchers who confessed ha- 
tred of jaguars, irrespective of their behaviour, the 
average attitude score value of ranchers in the region, 
for questions assessing an  individual's like or dislike 
for jaguars (e.g. 'How would you feel if all jaguars 
disappeared?') and unfavourability or favourability 
towards jaguar persecution (e.g. 'Would killing any 
In recent decades, growing competition within the 
cattle industry, higher taxes, and generational land 
splitting has made cattle ranching less profitable in 
the Pantanal (Swarts 2000). Indeed, 95% of the ran- 
chers believed their economic situation is worse 
now than in the past (Marchini and Macdonald, in 
preparation-a). A decline in the profit margin from 
cattle ranching may decrease their tolerance of jaguar 
depredation on their cattle. The growth of ecotourism 
in the region has brought the hope of better days for 
some ranchers (and conservationists as well), al- 
though ecotourism alone seems unlikely to be a uni- 
versal solution. 
jaguar that shows UP fn Your Property this Year im- in perceptions amd its 
prove your livelihood?'), was positive (Fig. 17.7; 
Marchini and Macdonald, in preparation-a). determinalrab 
Finally, the economic decline in the region may In order to understand how and why the above per- 
exacerbate the conflict between ranchers and jaguars. ceptions vary, we examined correlations between 
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perceptions and socio-economic and demographic 
variables (Table 17.2). Details of these analyses are 
in Marchini and Macdonald (in preparation-a). 
The perceived impact of jaguars on livestock, 
which was measu~ed using questions about recent 
and past depredation events, the magnitude of the 
loses (from none to very large) on his ranch, as well 
as neighbouring and relatives' ranches, and the 
current trends in the jaguar depredation problem 
(decreasing, unchanged, and increasing), was posi- 
tively correlated with the perception of increasing 
jaguar abundance (r = 0.41, P < 0.02) and declining 
economic situation (r = 0.47, P < 0.04). There was 
also a negative correlation between their attitude 
towards jaguars (r = -0.61, P < 0.0001) and the 
number of years attending school (r = -0.49, P < 
0.0001): ranchers had stronger negative attitudes 
towards jaguars in relation to fewer years in school 
(education varied greatly among respondents, from 
33% being illiterate to 22% with higher education). 
Attitudes towards jaguars was also negatively corre- 
lated with the respondents' perception of the deter- 
ioration in the economic situation (r = -0.57, P < 
0.04) and positively correlated with years in school 
(r = 0.36, P < 0.0001), which was negatively corre- 
lated with age (r = -0.50, P <: 0.001). The rationale 
for using different questions to assess the percep- 
tions of the impacts on livestock is that a rancher's 
evaluation of these impacts is not based solely on 
his recent losses to jaguars. Different ranchers, de- 
pending on their background and socio-economic 
situation, see the same loss as small or large. The 
perceived impacts of jaguars on human safety were 
measured with questions regarding (a) the potential 
for unprovoked attacks on humans by jaguars, as 
well as any perceived man-eating habits among 
jaguars; @) kst-  or second-hand reports of jaguar 
attacks on people (fatal or not); and (c) the magni- 
tude of threats to human safety posed by jaguars 
and the innate fear of jaguars (none to very large). 
All of these perceptions were positively correlated, 
with a perceived increase in jaguar abundance (r  = 
0.45, P < 0.02) and negatively correlated with the 
respondent's knowledge of jaguar ecology and 
depredation problems (r = -0.53, P < 0.0001). In 
summary, if a person's perception of the jaguars' 
impact on livestock and human safety determines 
retaliatory persecution, then perceptions of increas- 
ing jaguar abundance and declining economic situ- 
ation, attitudes towards jaguars, years in school, age 
and knowledge of jaguar ecology, and depredation 
problems may all play a role in conflicts between 
humans and jaguars in the Pantanal. 
Some differences between the perceptions in the 
Pantanal versus the Amazonia region are relevant to 
this discussion (Fig. 17.7; Marchini and Macdonald, 
in preparation-a). The perception of the jaguars' im- 
pact on livestock was stronger in the Pantanal than 
in the Amazon (t = -9.966, P < 0.0001, d.f. = 149), 
whereas the perceived threat to human safety was 
higher in the Amazon than in the Pantanal (t = 
2.919, P = 0.004, d.f. = 149). Even though attitude 
to jaguars was similar in the two regions (t = - 1.112, 
P = 0.268, d.f. = 149), in the Pantanal, attitude was 
correlated with the perceived impact on livestock 
(see above), whereas in the Amazon, it was correlated 
with the perceived impact on human safety (r = 
-0.39, P < 0.01). We also found differences in the 
perception of social acceptability of jaguar hunting; 
assessed by whether the respondent felt his family 
and neighbours would approve or disapprove if he 
killed jaguars. The acceptability of killing jaguars was 
higher in the Pantanal than in Amazonia (t = 
-2.962, P = 0.004, d.f. = 149) and so was the per- 
ceived ease of persecuting jaguars (t = - 13.044, P < 
0.0001, d.f. = 149). In addition, people in the Panta- 
nal were more knowledgeable about jaguars and 
depredation problems than were people on the Ama- 
zon frontier (t = -7.684, P < 0.0001, d.f. = 149). For 
instance, whereas 89% of the respondents in the 
Pantanal could tell the difference between jaguar 
and puma tracks, only 7% of the respondents in the 
Amazon were correct in their identification skills. 
From perceptions to persecution 
From a conservation standpoint, what ultimately 
matters in conflicts between people and jaguars is 
the level of persecution and its impact on a carnivore 
a population. To investigate the relationship between 
perceptions, attitudes, and persecution, we used a 
hierarchical cognitive model based on the correla- 
tions mentioned above and adapted from the 'Theory 
of Planned Behaviour' (TPB, Ajzen 1985). This is an 
influential theory in social psychology attempting to 
Table 17.2 Zero-order correlations between perception, knowledge, and attitude scores, and demographic and socioeconomic variables in the Pantanal. 
No. 1 2 3 4 5 6 7 8 9 10  11 
Age 
Years in school 
Property size 
Knowledge about jaguars and depredation 
Perception of increase in jaguar abundance 
Perception of decline in economic situation 
Perception of impact on human safety 
Perception of impact on livestock 
Perception of ease of hunting jaguars 
Perception of social acceptability/ 
desirability of jaguar hunting 
Attitude to jaguars and jaguar hunting 
** Correlation is significant at the 0.01 level (two-tailed). 
* Correlation is significant at the 0.05 level (two-tailed). 
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predict a person's behaviour (see also Macdonald 
et al., Chapter 29, this volume). In the vocabulary of 
the TPB, a person's behaviour is explained by beha- 
vioural intention, which is preceded by 'attitude to- 
wards the behaviour'. Intention also depends upon 
'subjective norms', which is a person's perception of 
the social acceptability or desirability of the action in 
question, and 'perceived behavioural control', which 
is the actor's perception of the ease or difficulty of 
performing the specitic action. Background factors 
such as age, education, wealth, occupation, culture, 
and knowledge may influence these attitudes and 
perceptions, but are not incorporated in the causal 
model (Ajzen 1985). In our model, jaguar persecution 
is represented by the intention to persecute jaguars, 
which is preceded by attitude towards persecution, 
norms regarding this behaviour, and perceived beha- 
vioural control over it. Given the central importance 
of the perceptions of jaguars' impact on livestock and 
on human safety in the conflicts between people and 
jaguars, we expanded our TPB model to address ex- 
plicitly those perceptions as potential determinants of 
attitude towards persecution (Fig. 17.8). This ap- 
proach allowed us to assess the relative importance 
of the different components of the causal chain of 
jaguar persecution so that more effective interven- 
tions could be devised to decrease persecution. 
Marchini and Macdonald (in preparation-b) as- 
sessed the intention to persecute jaguars via the 
question: 'Would you kill any jaguar that shows up 
in your property?' The answer to this question was 
expressed in the form of a dichotomy: a person either 
intended to persecute or not. Evidence of recent per- 
secution of jaguars was found in 27 ranches (8 in the 
Pantanal and 19 in Arnazonia), which facilitated val- 
idation of this measurement. Most (81%) of the peo- 
ple who had killed jaguars in the previous 2 years 
said that they intended to persecute any jaguar that 
showed up on their ranch, whereas 20% of the peo- 
ple who had not killed any jaguar expressed the 
intention to persecute (X2 = 35.301, d.f. = 1, P < 
0.001). This seeming association between declared 
intentions and actions strengthens our conclusion 
that we should take seriously the statements other 
ranchers made to us about their intentions to kill 
jaguars. Almost 60% of the landowners in the Panta- 
nal declared their intention to kill any jaguar that 
showed up on their land, whereas in the Amazon 
about 20% of the landowners did so. 
Regression analysis revealed that attitudes and 
subjective norms signi6cantly explained the varia- 
tion in the intention to persecute jaguars in the 
Pantanal: more favourable attitudes towards jaguar 
persecution and a greater perception of the social 
acceptability of jaguar hunting were associated with 
a greater intention to kill jaguars (P = -0.259, P = 
0.01 and p = 0.497, P = 0.024, respectively; -210g 
likelihood = 46.722). Several ranchers in Marchini 
and Macdonald's sample (in preparation-b) also ex- 
pressed the view that killing jaguars was appropriate 
on the grounds that it was a tradition passed from 
generation to generation. The important iniluence 
of these social norms was unsurprising considering 
that many ranchers in northern Pantanal were 
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Figure 17.8 Hierarchical cognitive model of jaguar persecution adapted from the Theory of Planned Behaviour (Ajzen 
1985). 
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interrelated, with a network of family bonds linking 
ranches. Attitude, in turn, was correlated with the 
perceived impact of jaguars on livestock (R' adjusted 
= 0.364, F = 26.138, P < 0.0001). Cattle ranching is 
an icon of the Pantaneiro culture. The few traditional 
families that together own a substantial portion of 
the lands in the northern Pantanal have been raising 
cattle in the region for generations, and this has been 
the only viable economic activity. The economic and 
cultural cent~ality of cattle ranching in the region 
doubtless affects the high correlation between per- 
ceptions of the jaguars' impact on livestock and the 
attitudes towards persecution. Although cattle 
ranching in the Pantanal is generally undertaken at 
such a large scale that the loss of a few cattle is 
unlikely to seriously impact the ranchers' liveli- 
hoods, for the majority of ranchers, such losses are 
unacceptable and may be higher than actually rea- 
lized given detection rates of kiUs. 
In contrast, in the Amazon, the intention to perse- 
cute jaguars was significantIy explained by attitude to 
persecution and perceived ease or difficulty of perse- 
cuting (p = -0.481, P < 0.0001 and j3 = 0.663, P = 
0.011, respectively; -210g likelihood = 66.831). In- 
deed, a sigmiicant proportion of the landowners, and 
particuldy those with smaller properties, favoured 
the idea of killing jaguars, but did not intend to engage 
'in this activity because they believed that they lacked 
the means (or were not brave enough, as they told us) 
to do so. In the Amazon sample, the perceived social 
acceptability or desirability of persecution did not sig- 
d c a n t l y  aEect the intention to persecute jaguars, 
which might reflect the reality that in this frontier 
area people typically have little interaction, or shared 
background, with their neighbours. However, their 
attitudes were heavily associated with the perceived 
risk of jaguars on human safety ( R ~  adjusted = 0.488, 
F = 18.385, P .c 0.0001). A fear of jaguars is common 
among the frontiersmen, who were largely immi- 
grants with little experience of jaguars and the forest. 
Finding soUutions for the future of 
jaguar-ha% man esexisteaul~:e 
Direct persecution of jaguars by people, combined 
with the hunting of prey used by jaguars, is the most 
si@cant threat to the long-term survival of jaguars 
throughout their range (Sanderson et al. 200%; Zeller 
2007). Most persecution is directed at jaguars living 
near or within areas of livestock raising. Jaguars kill 
livestock and this creates a con£lictwithranchers from 
an economic perspective. Several aspects of jaguar 
ecology and behaviour elucidated by our studies 
have direct implications for this economic aspect of 
jaguar conservation. The obvious, and traditional, res- 
ponse has been attempting to curtail jaguar depreda- 
tion on livestock through preventive measures. A 
radical, but evidence-based, altemative would be for 
all stakeholders to recognize the reality that cattle are 
routinely a component of jaguar diet in the region. 
Under the Biodiversity Impacts Compensation 
Scheme (BICS) mode! proposed by Macdonald (2000; 
elaborated with respect to carnivore con£lict by Mac- 
donald and Sillero-Zubiri 2004b), the approach would 
be to reline management interventions to reduce neg- 
ative impacts (stock losses), and then find other me- 
chanisms to offset irreducible damage; in this case, 
alternative mitigation measures to make the residual 
stock losses to jaguars bearable. Additionally, while 
kills of domestic stock may be related to a lack of 
natural prey (Saberwal et al. 1994; Vos 2000), in that 
predators have no alternative choice of food, this 
chicken-and-egg logic can be reversed insofar as dom- 
estic stock adds to the carrying capacity of the envi- 
ronment for predators. Schaller (1972) found that the 
more abundant a preferred species was, the more likely 
it was to fall prey to lions. By extension, in the Panta- 
nal, cattle are both the most abundant and the most 
vulnerable prey, so some level of jaguar predation is an 
inevitable and a natural part of ranching, like drought 
or soil fertility (Soisalo and Cavalcanti 2006). By anal- 
ogy, there are Zimits to the feasibility of mitigating 
such environmental effects on agriculture, and limits 
to what society deems an acceptable cost of environ- 
mental intervention. For example, the latter is clearly 
illustrated in Europe by payments to farmers for cus- 
tody of nature under the Common Agricultural Policy 
(Dutton et al. 2008). To the extent that irreducible 
damage by jaguars to cattle ranchers must be offset 
(rather than tolerated as an inevitable consequence of 
farming in jaguar country), solutions might Iie in fin- 
ancial instruments such as tax bendts, favourable 
credits, or a regional increase in beef prices. The sigruf- 
icance of livestock losses to jaguars will be 
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proportionally d imin i sh  by ranchers improving 
other aspects of rudimentary herd husbandry that 
currently account for more losses than does jaguar 
predation (Hoogesteijn et al. 1993). That said, the 
quest for efficiency will eventually bring the farmer 
into head-on collision with those losses to jaguars that 
are unavoidable, and societywill need to decide who is 
to bear these costs. 
Recently, there has been an effoa in the Pantanal to 
alleviate jaguar-livestock conflict in the fom of a com- 
pensation programme (Silveira et al. 2006). Such pro- 
grammes have been explored worldwide (Saberwal 
et al. 1994; Wagner et al. 1997; Vos 2000; Naughton- 
Treves etal. 2003; Swenson and Andren 2005) but their 
effectiveness is debated (Nyhus et al. 2003,2005; Bulte 
and Rondeau 2005; Maclennan et al., 2009). Unverifi- 
able losses, fraudulent claims, overly bureaucratic pro- 
cedures and associated time lags in payment, 
payments below market values, lack of sustainable 
funding, high administrative costs, and moral hazard 
are some of the drawbacks associated with compensa- 
tion programmes (Bulte and Rondeau 2005; Nyhus et 
al. 2005; Zabel and Holm-Miiller 2008). Ideally, such 
schemes would be closely monitored, but in the Pan- 
tanal, this is challenging because retaliatory, illegal 
killing of jaguars is often clandestine. 
An alternative to compensation involves 'perfor- 
mance payments' (Nyhus et al. 2005; Zabel and 
Holm-Miiller 2008). By analogy with agri-environ- 
ment schemes elsewhere, payments would be condi- 
tional on some measure of effective jaguar 
conservation in an area (Fenaro and Kiss 2002; Zabel 
and Holm-Miiller 2008). As with all environmental 
payments (and compensation schemes), it would be 
essential to have effective monitoring, robust regula- 
tion, and care to avoid unintended consequences. 
However, the results of our studies demonstrated 
that the probIem goes beyond the economics and 
into the realms of culture-depredation on stock 
and retributive killing turn out to be more loosely 
linked than is often supposed. Although prejudices 
against jaguars are deeply ingrained within the cul- 
ture of cattle ranching, attitudes can change over 
generations. Wolves were eradicated from the Rocky 
Mountain region of the United States by the 1930s, 
but are now making a dramatic comeback after rein- 
troduction efforts in 1995. It may have taken dec- 
ades, but policies towards wolves slowly changed 
over time as ecological studies and social attitudes 
reflected an increasing appreciation for the role that 
top predators play in ecosystem dynamics. In the 
case of the Pantanal, given that cowboys are ulti- 
mately the ones whose behaviour will directly im- 
pact jaguar conservation, one priority would be to 
make them stakeholders in jaguar conservation, and 
this could be a potent ingredient of any perfor- 
mance-related scheme. Examples from the Amazon 
and A.frica illustrate the potential of community- 
based resource management in wildlife conservation 
(Lewis et al. 1990; Castello 2004; Frost and Bond 
2008). It will require ingenuity to formulate, and 
then regulate, a scheme that delivers benefits to 
both landowners and local communities from suc- 
cessful custody of 'their' jaguars. For example, mec- 
hanisms might be sought to channel payments 
both to landowners and into wider community 
bendits (e.g. education, health, and economic devel- 
opment) to encourage, ideally iin ways that even 
foster, peer pressure against those persons killing 
jaguars. 
Our synthesis reveals that while jaguars do indeed 
kiU livestock in the Pantanal, this is not the only, nor 
perhaps even the most important reason, why peo- 
ple kill jaguars. Therefore, in many cases, jaguar con- 
servation may need to be approached in many 
different ways. As described here, in our case studies 
from the Pantanal and the Amazon, the motivations 
for killing jaguars include not only traditions and 
social rewards, but also the fear and misconceptions 
of the threat that jaguars pose to humans, the soda1 
incentives for persecution, as well as the economic 
viability of ranching. These insights may lead us 
towards approaches to decrease persecution that 
rely on gradual changes in the values, attitudes, and 
social norms concerning jaguars and jaguar persecu- 
tion and that are tailored for the specific region. 
For example, whereas in the Pantanal communica- 
tion campaigns to influence the social norms 
concerning jaguar hunting may significantly con- 
tribute to decrease in persecution, in the Amazon 
education to increase knowledge and improve per- 
ceptions about jaguars' threat to human safety 
might be more effective. Although the Pantanal is 
very important for jaguar conservation in the long 
term (Sanderson etal. 2002b), it would be unwise to 
generalize too readily from this particular situation 
402 Biology and Corasewa%on of Wild Felids 
to other parts of the jaguar's range. Nonetheless, 
conditions in the Pantanal are similar to those 
in, for example, the tropical-wet savannahs of 
the Venezuelan Llanos and the Bolivian Beni, so 
there is scope for an international analysis of 
cross-regional patterns in jaguar conflict (Zimmer- 
mann and Macdonald, in preparation). 
Unquestionably, practical conservation must be 
underpinned by sound science. The illuminating 
power of data to allow for informed discussions 
and dispel misconceptions is illustrated by the 
findings we report on jaguar predatory behaviour 
in the Pantanal. However, the tensions between 
people and wildlife are so complicated that whiIe 
ecological science is necessary as a foundation for 
solutions, it is not sufficient to deliver them. Draw- 
ing on methodologies from the social sciences, we 
have shown that the link between jaguar depreda- 
tion on cattle and retaliatory persecution is only 
part of the story. To change peoples' actions will 
thus require a more far-reaching involvement that 
examines and understands their perceptions and 
traditions. 
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